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◄ Background	 ◄Results (continued) 
•	 Disinfection by-products (DBPs) have been associated with various reproductive and developmental outcomes (e.g. low 

birth weight, stillbirths), mostly based on indirect exposure assessment methods (e.g., town average concentrations) which Table 2. Frequency and proportion of subjects who increased, decreased, or made no 
assume equal exposure levels for all subjects residing in one geographic area changes in water use activities between early and mid-pregnancy. 

•	 Intra- and inter-subject variability in water use activities can dramatically impact individual exposure levels and result in 
exposure misclassification bias in epidemiological studies  

•	 Expectant mothers may modify behavior during pregnancy which can influence exposure characterization based on water 
use activities 

◄ Objectives 
•	 Through a cooperative agreement, an international collaborative effort with scientists from the U.S. Environmental 

Protection Agency (U.S. EPA) and universities in the United States and the United Kingdom was established to refine 
exposure assessment methods for a prospective epidemiological study of spontaneous abortions and DBP exposure 

•	 Changes in weekly average water intake, showering, and bathing patterns during early and mid-pregnancy were examined 
in relation to age, education, race, marital status, income, employment, and a healthy behavior index which integrated data 
on exercise, smoking, and intake of vitamins, alcohol, and recreational drugs. 

◄ Methods 
•	 1990 women were interviewed at ~9 and ~20 gestational weeks from 3 cities in the U.S. 
•	 Eligibility criteria: ≥ 18 years of age; ≤12 weeks pregnant; no fertility treatment for the study pregnancy 
•	 Pearson’s correlation coefficients were calculated to measure the concordance between reported water use at early and 

mid-pregnancy 
•	 Mixed regression models were used to partition the total variability in showering, bathing and water intake into intra-

individual variability and inter-individual variability (i.e., between the different sampling periods) 
•	 Linear regression models were used to identify predictors of changes in water use during pregnancy, adjusting for baseline 

levels and season in which questionnaire was administered 

◄ ResuIts 
•	 Average gestational age was 9 weeks at the initial interview (10th and 90th percentile = 6 and 12 weeks) 
•	 Average gestational age was 20 weeks at the follow-up interview (10th and 90th percentile = 19 and 23 weeks) *Information on filtered water intake was only available for the early pregnancy time  point; therefore, 
•	 Average time between the two interviews was 11 weeks (10th and 90th percentile = 8 and 15 weeks) ingested tap water includes intake of unfiltered and filtered tap water. 
•	 No change during pregnancy was reported for 62% and 63% of subjects for Hot Tap Water Intake and Bathing, 

respectively; among other subjects, similar proportions reported increasing and decreasing activity level (data not shown) 
•	 Change in Showering time was not related to any demographic or behavioral variables (data not shown) 
•	 Mean Cold Tap Water Intake was 1.7 L/day and 1.8 L/day during early and mid-pregnancy, while Total Water Intake was Table 3. Mean change and p-value between early and mid-pregnancy for cold and hot tap 2.4 L/day and 2.6 L/day, respectively; reported time spent Showering decreased by 14 minutes/week (Table 1) water, bottled water, and bathing in relation to behavioral and socio-demographic variables. •	 The proportion of total variation due to within-subject variability for early to mid-pregnancy changes was 42% for Total 

Water, 35% for Showering, 62% for Hot Tap Water, and ~50% for Bathing, Cold Tap Water, and Bottled Water Intake 
•	 96% of subjects changed their Total Tap Water Intake during pregnancy with 53% of subjects reporting increased intake; 

45% of subjects increased Cold Tap Water Intake with 31% of subjects increasing by more than 0.5 L/day (Table 2) 
•	 Reduced Showering time was reported by 37% of subjects, with 24% reporting increases and 40% reporting no change 
•	 Moderate correlations between the two reporting periods were found for most variables, although reported time spent 

Bathing was highly correlated (r=0.71) 
•	 Predictors of increased Cold Tap Water Intake during pregnancy included age >35 years, income ≤$40,000, and non-

Hispanic white ethnicity; Hispanic ethnicity was predictive of increased Bottled Water Intake >0.30 L/day (Table 3) 
•	 Lower education, black non-Hispanic ethnicity, and a high healthy behavior score were associated with Bathing changes 

>20 min/week during pregnancy, while Showering was not associated with any of the variables that were examined 

Table 1. Pearson’s correlation coefficient (r), mean and 95% confidence interval (CI) of water use 

activities at initial interview (early pregnancy) and at the follow-up interview (mid-pregnancy),

and variance partitioning into intra- and inter-variability. 


*Multivariate linear regression models adjusted for season and level of intake/use during early pregnancy. 
**One Point assigned for each of the following: ≤ 150 mg caffeine per day, vitamin use, no smoking, no 
alcohol, recreational exercise, no use of illicit drugs. 

◄Discussion 
•	 We found considerable differences in reported water use during two different periods of pregnancy; these 

changes were associated with various socio-demographic and behavioral variables and should be 
accounted for to minimize confounding in epidemiological studies of waterborne contaminants 

• These data also highlight the importance of collecting detailed individual-level information at multiple 
*Mixed regression models were used to partition variance by fitting a random intercept model for each of the water times during pregnancy to better characterize exposures that can vary over time and minimize the 
variables. potential for misclassification bias in epidemiological studies **Information on filtered water intake was only available for the early pregnancy time point; therefore, ingested tap 
water includes intake of unfiltered and filtered tap water. •	 Future research should determine the degree to which changes in water use activities during pregnancy 

reflect true behavioral changes or whether they result from reporting/measurement error 

* For further information please email wright.michael@epa.gov 
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